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:z INTRODUCTION

§§— The study contained in this report is only one phase of a Foundetiona:l
g Research prograr establishsd 1o deterrmine an optimum system for both ejec-
= tion and non-cjection type seat design for the attenvation of high G verti-
§§ cal forces which result from high lmpact landfngs ov creshes., The progrem
s consists of three phases:

%? PHASE I - To determire what, if any, correlation exists between humans
N and anthropomorphic dummies when subjected to crash forces for extrapolation
¥ s into the high impact region where only dummies can be utilized,

§ PHASE 11 - To detern:ine the effects of various G loadings on the human
£ vertebra to show mora clearly, the mechanisms responsible for spinal injury.
3; PHASE III - To determine systems and msterials that can be used most

i effectively to attenuate to a %olerable limit, the vertical forces impeosed
Z by high impacte in both ejection and non-ejection type seats.
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This interim report deals with Phase I. Although work in Phase I has not
been completad, this report is submiftted to make available, information that
has been gathered to date. Puture reports will be submitted as signiiicant
pheses cof development are reached.

RESULTS AND CONCLUSIONS

Tests were conducted in which humans and duraies of like proportions
i were dropped simultaneously on the Aerospsace Crew Equipment Departwment Verti-
cal Drop Tower and decelerated under various controlled deceleration impulses.
Both dummies and humans were similarly restrained in identical seats and
seated platforms. BRody displacements at various pre-selected pointz wvere re-
corded by nigh speed motion pilcture cameras, which were analyzed later and
plotted by automstic readout equipment for comparisoi.

The thigh point and knee point of the 95 percentile human and dumay
both reached their pesk displacemert (¥F.D.) at 040 sec. Tne displacements
of both ar> practically identical at the higher G levels. At the lower G
levels, the P.D.'s were, in almost all cases, rno greater than 3/8" apart.
Therefore, it can be conciuded that there is no significact difference in the
response of the legs of both the human and dummy when zubje~ted to a vertical
input while positioned in the normal ejection seat configuration.
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The rasults of the 5 and 50th percentile human and dummy thigh and
knee points are very similar, although not as conclusive as the 95 per-
centile date.

The shoulder point of the 95 percentile human reached its ?.D. at
.080 zec., This is attributed to the natural frequency of the human body,
and agrees with data contained in Report NAEC-ACEL-510. The .060 sec.
response time for the dummy evidances 2 more rigid body with a nateral fre-
quency higher than that of the human. It is clear that the dummy responds
to the input pulse quicker than the human, vhich is agzin due to the dunmy
being a more rigid body. It is aiso interesting to note the similarity in
the general shape of the displacement-time curve which appears to contain
a double peak, particularly in those testes with & longer time pulse. The
shoulder point is the area where the greatest amount of dispiacement occurs
in the human. The dummy data shows that the head pcints rasulted in the ':
largest displacements. This was because the dummy head joint was not -
locked tight and was able tc rotate completely forward. On the other hand,
the human, within the G levels teated, was able to msintain sufficient
nuscle control to keep his head back in aimost 211 cases., This also ex~
plaing why the time to peak acceleration and P.D. for the dummy's head
varies. This variance is not as avident for the human. PFurther testing
with dummies will henceforth be done with the head join% sufficiently
tightened to preclude excessive rotation,

The displacement of the upper torsc of the human varies considerably
from that of the dummy and cannot be correlated in any but a highly com-
plex way, 1if at sll,

The dummy shoulder point teuds to appioach &8 maximum, as indicated by
the data up to the limits tested. The human shoulder point continues dis-
placing as the load is increased. This data can be used for direct compari-
son only within the limits tested. Bused upon the experiencesn zained from
this study, it would be difficult to duplicate exactly, the motion of the
head and shoulder points under the same test conditioms,because of the
following variables:

1. The position in which the subject places himself in the seat, es-
pecially how he holds or "hunches" hic shculders.

2. The nusition in which the subject holds his head.

3, The degree of tightness with which the subject straps himself into
the seat.

4. The extent of the subjects muscular control during the cecelera-
tion pulse.

- iv -
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The dynamics of the human body as it affect. the performance of pilot
ejection systems is considered to be very significant and as yet, unde-
termined. It is obvious that there is an important need for a dummy
with the same stiffuess and dampening characteristics as a live numan
being, in order to evaluate ejection seat systems properly for the use
to which they were intended. This also includes evaluation of ali the

necessary support and restraint system components on the seat.

RECOMMENDATIONS

in order to obtain more complete information required to design
dummies to simulate the response of & humsn, it is recommanded thet fur-
thaer research be directed toward the comparative study of impsact response.
The results of such a study czn also be used in the analysis of impact

. energy abaorption phencmena.

This activity is presently ccnducting a research program in conjunc-
tion with Technology Incorporated of Dayton, Ohio, to collect basic data
vwhich may be used in the analysis of impact energy absorption phencmana
and the comparative study of impact response of humans and anthropcmorphic
dummies, To accomplish this task, an experimental design has been es-
tablighed, which is presepntly being implemented for the physical test
set-up, instrumentation requirements and test procedures. Upon comple-
tion, live and dummy impact tests will ba conducted cn the ACED vertical
drop tower to obtain data for use in the deveslopment of a computer program
to reflect the test Facility characteristicas and to yield snmaiytical models
capable of duplicating force response for both humans and dummies. The
development of these models will establish (1) the capability of computing
the dynamic force geverated between the human tody and its suppcorc system
for any applied acceleraticn environment; and (Z) the difference between
the dynamic response of the dummy and the human body.
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DISSCUSSION

These tests are being conducted to deterzine the resctions of anthro-
pozorphic dumcies and humans of similar proportions when subjected to
vertical crash type loads under identicel test conditions. Ir this phese
of the program, we are gatharing dets to determine the physical displxce-
=ents that take place to cospsre the motion of the huzan snd the dumemy,
1t was hopad that scae correlation would exist so that we smay be able to
obtain the motion that the human undergoes atr the higher G levels which
cannot be iive tested. Since all ejection sest test work is acco=plished
with the sisilar anthropomorphic dummies, {t is of great interecst to be
sble to determine the effect upon the seat system= perforaznce character-
istics when the dumay {8 replaced with 2 human.

Before live testing could begin, it was necessary to calibrate the
Drop Tower. The calibre*’on consisted of dastermining the proper drop
weight and arresting force combination to insure close control of the
desired G level and the proper drop height to insure close control of
the time duration of the deceleration pulse.

After the final paylecad was determined, an arrangement of arresting
straps was selected and s series of drop tests were conducted at wvarious
heights. This was repeated for each required G level. Utilizing the
maximm drop weight allowsble ana the limited nu=ber of warious sztraps
availatle, the G lavels obtained were 4.2, 7.1, 9.0 ard 10. Uaing known
paraneters of G, time and height, a faaily of curves ware drewn for deter-
minicg height required to produze a desired time pulse for the four dif-
ferent G levels tastsd.

. A test stand was designed and constructzd to allow the =mounting of
two A4D ejection seats back-to-back (Figure Ho. 1), The A4D seats vere
chosen because they are light in weight and were readily available. Both
the iive subjects and the dummies were seated on identicsl type rigic seat
survival kits.

Testrumentation consisted of the fcllowing: A totsl of four acceler-
ometers wer: placed on the dummy. Two were locatad in the duzmy's head
and two in the chest cavity whick measured vertical and horizontal decel-
erations. There wau only one accelerometer placed on the lise subliect.
This was attached firmly on the subject's nead and heild in place by the
helmet, which was drilled, sllowing the asccelevometer to nrotrude through.
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This was the only location considered feasidle for placing an accelerometer
on the live subject, because of the inability to fix the accelerozeter to
other paxts of the body in 2 wsy which would prevent relative sotion be-
tween it and the body during the deceleration. An accelerometer was placed
on the deck of the drop cart, betveen the two seats. A velocity pick-up
vas installed £o messure the drop cart speed at icpact.

The first live testing on the ACED vertical drop twwer facility was
sccozplished during this Fhase I program. The first drop fest was made by
the author to determine an adequate test procedure, to check cut instru-
nantation and photographic coverage, and to» experience the physiological
factors involved.

High speed setion picture cazers techniques were ezployed to datect
body movexeats during the deceleraticn impulise. Three =illiken 400 FPS
caneras were pociticasd on the drop cart, such that cne camera covered the
iive subject, one the dumw, and the third the shculder moticas of both
dumzy ani live subjisct. Strcbe iights vere mounted behind esch sear to
record, on film, the start of the decalerstion izsulse, Both were actuated
at exastly the ss=e tize by a2 single switch at the instant of i{=pact.

Three scbjccts, representing approximstely, 2Gth, 65th asd 55ta per~
ceatiles, volunteered tu complete 3 secies of four drop tests each. All
were subjected to the sa=me four tesgs, vhich were progrased as follows:

G-level Tize Ducaticn Izpact Velocity
4.9 .380 Sec. 4% F.?.S.
7.1 .250 Sec. 44 F.? 3.
Q.0 .16C Sec. 30 F.2.8.

1G «140 Sec. 30 F.v.S.

Each of the test subjects had reference marks placed on his body at
four different locations for film anaiysis of body displacements:

1. Forechead (Frontal Ridge)
2. Shoulder (Acromisn Process)
3. Thigh - 1/3 distanne batween knee and greater trochanter

4. Fnee {Lateral aspasct of the Patella)}

i
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In addition to these four reference marks, the eye and the tip of the nose
were also used as reference marks to detect hody displacement. Similar
marks were placed on the dummy in approximately the same locations, with
the exception of the temple, which was not merked on the dupmy.

The high speed films were analyzed on a2 16MM Boscar Pllm Analyzer
to detact body movement at each of the six refarence points. BEach poiut
was recorded every eight frawea for the first 36 frames; then every 25
frames till motion ceased. At the moment of impact (indicated by illumi-
nativn of a strobe light), all sixz reference (five cn the dumsy) points
were noted and marked. These marke were referenced to a common grid
representing horizontal and vertical axis. The purpose of the grid was
to provide a scale factor for the analyzer and a zero reference from
which to measure all displacements. Approximately 14 pcints were plotted
on a 600 MS time base. This information was simultaneously fed into an
IBM 026 card punch machine and printed on standard IBM punch cards. after
all the films had been analyzed, the punch cards, inciuding scale facior
and zero reference information, were fed into an ALWAC Model I1I-G Digital
Computer from which a tabulated read-out for each drop tower test was ob-
tained (Tables 2, 3, and 4). This read-out gave displacement data in
inches correct to the second decimal place for each body reference point
in reiation to a {ixed reference axis common to both the live subject and
the dummy. This information was then placed on another set ¢f punch
cards and these in turn were fed into an E.A.X. Electronic Data Plotter.
vhich translated the tabulated digital information into data plots on two
coordinate paper. (Figures 2 through 106). '

Regults of 95 Percentile Tests

SHOULDER POINT

Vertical - While the input deceleration was acting on the human, the
maximum displacements in all the tests utilizing the 95%tfle subject
vccurred between 80 and 100 milliseconds. In five out of 6 tests, the
maximun displacement occurred at exactly 80 milliseconds. For the dummy
under the same conditions, 5 tests had peak displacements cccurring at
exactly 60 milliseconds. All these tests were at different 'G' levels
and varying drop heights. The peak displacement (herein referred to as
P.D.), in each test increased as the 'G' level increased. The dummy
shoulder displacements tanded towards a maximum at about 10 'G', which was
the highest 'G' level tested in this seriesz. The human displacements kept
increasing as the 'G' level was increased. The more force that is applied,
the more the displacement because of the flexibiiity of the human body.
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Horizantal -~ As evidenced by the data plots, the human sublect
tended to lean into the shoulder harness after rebounding off the back
of the seat, whereas the dummy in all cases was pressed back into the
seat. The amount of displacement of the live subject in the horizontal
direction was clearly seen to be dependent primarily upon how tight the
subject strapped himself in before each test drep., Obviously, the more
slack in the harness, the greater the tendency to displace forward. In
Test #60, the subject tightened the shoulder harness as much as comfort
allowed. This kept him back in the seat with little forward displacz-
ment. In Test #61, the subject purposely did not tighten himseif as
much, although he was still reasonsbiy tight. As expected, the subject
experienced the same type of response, but with more forward and less
aft movement.

The dummy was strapped in only once before the test series, and its
horizontal movements were practically similar throughout. The c.g. loca-
tion of the torso, together with the position assumed by the subject in
the seat, will determine whether the subject leans into the harness or is
pressed back into the seat during the deceleration input pulsc.

THIGH POINT

Vertical - The tihigh point of the human during the deceleration
pulse reached a P.D. in the first test of the series, at 4.9 G's. 1In all
succeeding tests the deflections remained fair y constant at all 'G!
levele.. The peak displacements in all tests occurred between 100 and 120
miliiseconds, with the greater percentage occurring at 100 milliseconds.
For the dummy under the same conditions, the deflections became constant
at approximately 7.6 G's. Ths time for the dummy's thigh to reach its
peak displacement during the initial deceleration pulse was constant at
40 miliiseconds despite varying input parameters.

It wes not expected that the motion of the thigh point of the human
would be similar to his shoulder moticn, since the deflection of the thigh
is limited due to the rigid platform supporting it and the physiology of
the thigh region.

On the other hand, the motion of the thigh point and shoulder point
of the dummy was similar. This was as expected because of the rigidity
of the dummy construction which prevents any relative motion between its
joints in the vertical direction. The dummy is free to rotate only about
its joints and cannot simulate compression of its internal structure in
the input direction, as is possible in the human.
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Horizontal - The thigh point on the human displaced forward, although
its maximum movement never exceeded .43 inches. Tnis, of course, is con-
gidered very stable.

‘The dummy thigh was also.extremely stable in that it digplaced liess
than the human, but in the aft direction. Any large horizontal displace~
ment of the thigh that might occur could primarily be attributed to sub-
marining.

KNEE POINT

Vertical - Both the human and the dummy exhibited the same type of
response, althcugh tn the human the vertical deflectiona were slightly
larger. The times required to reach peak displacement for both were simi~
lar at 40 milliseconds.

The horizontal dispiacement of the human knee reached a maximum of
.81 inches in the forward direction. The dummy displacements were very
constant throughout the entirs test series, reaching 2 maximum of only
.2 inchas.

HEAD

Although it is believed that no meaningful coxrelation can be made
between the head points cof the human and dummy because of the different
types of motion that took place during the deceleration pulse, the dis-
placements obtained are useful for predicting what each will do.

TEMPLE

Vertical - From the data plots, it is apparent that there is a fairly
predictabie pattern to the vertical head displacement. (Disregarding
Test #35), The dispiacement of the head is a combination of the downward
displacement of the torso and the rotation of the head with the greater per-
centage being attributed to downward displacement of the torso in the case
of the human.,

Horizéntal - The horizontal displacements of the human temple point
are random and completely unpredictable. The motion does indicate that the
point is moving ferward. The corresponding point on the dummy was not con-
sidered in this test series.
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EYE POINT

Vertical - The eye point in the human £followed & very definite
pattern of increasing vertical displacement with increasing 'G' level,
With the exception of Test #35, the displacements appear to approach a
linear relationship. The dummies eye point in the vertical direction
displaced more than the human, but this is due mainly to the forward ro-
tation of the dummies head.

Horizonzal - The motion of the humans eye point tended tcwards a
maximunm forward displacement at the 10G level, which was the highest G
level tested, .The dummies eye point also displiaced in the forward direc-
tion. The dummies ayes displacement far exceeded the humsnr, due to the
greater amount of forward rcotation of the dummies head. Por future
dummy use, the hesd should be adjusted by tightening,to more cliosely re-
semble the motion of the human.

NOSE_POINT

Vertical -~ Both the human and dummy nose reference points show a
congistent incresse in displacement with each increase in the 'G' level.
The human showed no tendency to reach a maximum, while the dummy tended
to reach a constant peak displacement &. the 8 G level, The vertical
displacements resemble those which were obtained for the eye paint.

Horizontal - The horizontal motion of the liuman's nose reference
point wes very similsr in magnitude to that of the eye point. This is
evidenced by an irecreazing displacement with increasing G level in some
predictablc manner.

The ‘dummies nose point, on the cther hand, did not displace &s much
as its eye point. At first glance this would seem to be inconsistent.
However, the values obtained are realistic and this is due to the amount
of rotation of the dummies head. Because of the respective locations of
temple, eye, and nose, and the geometry of the motion, a rotation of the
head about a fixed point will ususlly result in three different absolute
displacements in the X and Y direction for each point. If no rotation had
occurred, the displacements would be expected to be similar.
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Results of 5 Percentile Tests

AMH-2 BEED & 5 PERC™ TILE DUMMY
SEOULDER

Vertical - The 5 percentile humzn subject tended to continue displac-
inz during the entire time that the input pulse was being applied. This
is 1 - contrast to the 95 percemntile subject which reached a P.D. in the
earl ' nart of the input pulsc, The 5 percentile dummy displacements ware
similir to the 95 percentile in that they reached a P.D. in the early
portica of the deceleration, although not at the same tine.

The human's dispiacement increased slightly with each increase in G
level, except for the last test which decreased slightly. This may oxr

’ may not indizate an absolute P.D. For the humsn 95 percentile tests, no

absolute maxirwm was indicated, as was pointed out earlier. The 5 per-
centile dummy zeached & P.D. during the first test at 4.7 G's and remained
veary constant for the remainder of tests. This compares favorably with
the 95 percentilie dummy. Both the 5 ani 93 percentiie dummies compare
closely at each G level,

Hoxizontel - In this series of tests, the durmy horizontal motion was
very stable at a2ll G lavels. The human's motion is clearly seen to be an
increas:ing peak dispiacement with each incresse in G level. The direction
of displacement was forward into the harness, as was the 95 porcentile
huxan.

THIGH

Vertical - The peak displacement of the dummy's thigh never exceeded

. .65 inches and was essentially the same in every test. The human's peak

displacement varied between .69 inches and 1.29 inches. The peak displace-
ments of the 95 percentile dummy were consistently higher than the 5 per-
centile dummy, but never more than approximately .5 inches. The displace-
ments of the 95 percentile human were less than the 5 percentile human in
each corresponding test.

Horizontal - The peak displacements of the human's thigh were very
stabls at :42 inches in the forward dircction and compared closely with
the motion of the 95 percentile subject. The dumny's displacements were
very small except for the last test at 9.6 G's, which reached a peak of
1.32 {nches duzing the first .4 seconds of the deceleraticn pulse and then
decreased to no more than .3 inches for the remainder of the pulse. The
dummy's displacements were forward as compared to the 95 percentile dummy
which had a tendency to displace aft,as well as forward,
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KNEE

Vertical -~ The human knee point pask displas .ements increased with
each successive increase in G level, as did the 95 percentile human,
although the 95 percentile human's displacements were larger at the
higher G levels. The dummy's displacement also increased very slightly
with increasing G level, excluding the first test. The 5 percentile
dummy displacements were slightiy legs than the 95 percentile dummy dis-
placements.

Hortizental -- The motion of the human's knee in the horizoantai divec-
tion vhows that the displacement 13 in the forward direction, The dis-
placements increased with increasing G level with the exclusion of the
last test which was slightly ic¢ss than the preceding test, but more than
the first o, The magnitudes of the P.D.'s were similar to tha® of the
95 percentile human,

With the 5 percentile dummy, the knee displaced slightly forwara
and aft during the first test at the 4.9 G level. The remaining tes:s
all displaced forward. The only significant displacement occurred
during the last test at the 9.8 5 level. 1In this test, the p=ak displace-
went of the knee reached a mexiamum of 1,18 inches at .02 seconds of the
pulse and then returned tc a maximum of .27 inches for the second half of
the pulse,

HEAD PCINTS

The photographic coverage of the temple, eye, and nose points of both
the human and dummy were not obtained to any usable degree for znaiysis
purposes, dus to excessive shadows cast by the drop tower structure on
both the human and dumxy.

Results of SC Percentile Tests

HM2 BRICE & 50 PERCENTILE DUMMY
SBOULDER POINT

Vextical - The P.D. of the subject approximating a 50 percentile
human reached 2 maximum a% the 8.3 G level and showed 2 slight reduction
in digpiacement at the next highsr G levei. This pattern of motion is
identical to the subject representing the 5 percentile, although the mag-
nitude of the displacements vary. From these tests, theve dces not appear
to be sny correlation between the varicus percentile humans and the magni-
tuda of the displacaments at the various G levels.
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The dummy maximum displacements increased slightly with each increase
in € level which is similar to the 95 percentile dummy, but in contrast tc
the 3 percentile, in which the P.D.'s were fairly constant.

R I T T st ]
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o

Hovizontal - During the first two teste with the human subject, the
shoulder point moved fore and aft throughout most of the deceleration pulse.
In the third test at 8.3G's, the subject tended to move slightly forward.
In the last test, the subject's shoulder point tended to displace slightly
aft. The 50 percentile dummy displaced 2ft in all the tests. All of the
horizontal displacemsnts, both fore and aft, of human and dummy, were ls3s

o

vl

then one inch.
! TEIGH
' Yertical - The human's maximum thigh displaccwent never exceeded .8
inches in any of the tests. This compares with the 95 percentile subject

whose P.D.'s never exceeded .91 inches and the 5 percentile human's P.D.,
which reached approximately 1.28 inches at both 4.7 G's and 9.5 G's. The
dummy's P.D. points varied between .8 inches and 1.3 inches.

)

Horizonral - The direction of the human's horizontal displacement was
ferward and never exceeded .5 inches. The dummy's dispiscements were for

all purposes aft, as was the case with the 5 and 50th percentila dummies.
The displacements never exceeded .54 inches.
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KNEE POINT .

I}

Vertical - The displacement of the human's knee point was seen to vary
only slightly from one test to another. The displacement of the human's
knee point was conaistently greater thzn that of the dummy. The dummy's
P.D. was .79 inches. With the exception of the first test, the human's knee
point displacement increased slightly with each increase in G level.

The dumsy P.D.'s were not comnsistent with an increase in G level.

Horizontal -~ The horizontal P.D. for both the human and durmmy was ex-
tremely sm&ll, The human's displacement reached a pesk of .6 inches in
the forward direction. The duzww's P.D. was only .34 inches, but in the
aft direction, as had been the case in the two preceding test series.

ity

1t




AR ATRTOPICTIRIIRAL L ERORE ity wee s

AP ety e T AT U TS

PRI § AR AR e Y

s

sl

T PO R o e

—= B e A el = WT—'W""'-————W“- >

NADC~AC-6808

TEMPLE POINT

Vertical - The displacement of the human's templa point increased with
each increase in G level. The P.D.'s are very similar to those of the 95
percentile humsn and are a combingtion of the downward displacement of the
torso and rotation of the head. This point was unobtainable on the 5 percen-
tile human. Only three deta points were cobtained for the 50 percentile
buman,

Horizontal - The P.D.'s of the 50th percentile human'’s temple point
were greater than those of the 95 percentile. At the highest G levei tes-
ted, the 50th percentile's P.D. was about 1.3 inches greater than that of
the 25 percentile. The horizontal motion of the head points do not necessar-
ily have to follow the horizontal motion of the shoulder. In this case they
certainly do not. The head can rotate and stretch forward while the shoul-
ders press aft into the seat.

EYE POINT

Vertical - Only two data points were cbtained for both the human and
durmy, and the only indication is that the dummy vertical displacements are
greater, 88 they were in the 95 percentile series. The horizontal dats is
inconclusive.

ROSE POINT

Verctical - The human's P.D.'s were fairly constent. The dummy's dis-
placements were slightly isrger due to a greater amount of rotation of the
durzcy'e head. a5 was the case with the $5 percentile geries.

Horizontal - The human's horizontal P.D.'s were also fairly constant
and, in the horizontal direction, the dummy's P.D.'s were less than those
of the human.
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From: \Commander, Naval Air Development Center Johnsville, Warmineter, Pa. 18374
To: ISTRIBUTION LIST

Subj: Report No. NADC-AC-6808; correztion of

Ref: (a) Report No. NADC-AC-6808, '"Comparative Study of Body Displacements
in Both Humans and Anthropomorphic Dummies When Simultaneously
Subjected to Contrclled Vertical Impact Type Decelerations' of
8 Apr 1968
Encl: (1) Three separation pages for Figures Z through 65
{(2) Pages vii and vii{i

1. Because of an error in the figures contained in the reference (a) repert,
it is requested that the following action be taken:

a. Replace the three separation cover sheets that indicate Figures 2
through 106 with the corresponding pages contained in enclosure (1), which con-
tain the correct number of figures 2 through 65.

b. Place the figures in theproper consecutive order.
i
¢. Replace pages vii and viii with enclosure (2).

"d. Page 3, paragraph 3, last sentence, change "(Figures 2 chrough 106)"
to "(Figures 2 through 65)".
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